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ARTICLE INFO ABSTRACT

Avrticle History: The ecosystem of coral reefs is a fundamental process for marine resources
Received: Dec. 2, 2020 playing an important role in supporting the lives of various aquatic organisms,
Accepted: Jan. 16, 2021 with coral reef fish being one of the main dependent sea animals. The current
Online: Feb. 16, 2021 study was purposely undertaken to assess coral reef fish biodiversity and its
association with coral coverage on Halang Melingkau Island, Kotabaru, South

Kalimantan, Indonesia. This research was conducted in April 2019 on Halang
Melingkau Island, Kotabaru, South Kalimantan, Indonesia. The research was
carried out at 6 stations with 18 observation points that were considered to be
representative of the conditions of coral reefs and coral reef fish in the waters of
the island. The field observation method was applied by laying down 50-meter
line transects (line intercept transects) and using visual census (underwater
visual census) to obtain data concerning fish and coral populations. The
findings indicated that the average coral reef coverage in Halang Melingkau
Island was moderate ( 33.77%) , and it was remarkable that station 6 had the
best coral reef coverage ( 53.71%) . Additionally, station 6 possessed the
highest fish population as well as the highest number of fish species. Findings
of the present study predict that correlation analysis indicated a strong positive
correlation between coral coverage and the abundance of coral reef fish. In this
essence, when the coral coverage increases, the coral reef fish abundance
would also increase. Simultaneously, a decrease in the coral reef coverage in a
specific location could result in the decrease in the abundance of coral reef fish
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The coral reef ecosystem is an important part of the marine ecosystem, and coral
reefs are a source of life for more than 500 species of marine life. The coral reef
ecosystem comprises more than 300 types of corals, 200 species of fish, and dozens of
species of mollusks, crustaceans, sponges, algae, and others biota (Dahuri, 2000). One of
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the main fish species found in coral reef ecosystem include coral reef fish, which live in
association with corals and have the highest population of all the fish species in this
ecosystem. Juvenile as well as adult reef fish are found in corals and, therefore, any
damage or destruction of the coral habitat would directly affect the diversity of coral reef
fish.

Coral reef fish is a sea animal that can be found in numerous habitats in the coral
reef area, and coral reef damage seriously impacts the abundance, density, and diversity
of this fish species. Importantly, habitat diversity is a primary factor that affects the
number of fish species and their populations in the coral reef system (Luckhurst &
Luckhurst, 1978). Thus, the diversity of coral reef fish is closely associated with the
complexity of the coral reef surface. Various species of coral reef fish inhabit the narrow
ecological niches provided by the coral reef. This results in the coral reef fish being
localized only to particular areas of the coral reef (Ilham, 2007), but several reports have
shown that fish abundance is also associated with coral reef complexity (Hixon & Beets,
1989; Friedlander & Parrish, 1998; Gratwicke & Speight, 2005; Chong-Seng et al.,
2012; Bozec et al., 2013).

Kotabaru Regency is one of the 11 regencies in South Kalimantan Province in
Indonesia. Geographically, Kotabaru Regency is located from -3.167 and 115.417 to -
4.333 and 116.333. The total area of Kotabaru Regency is 9.422,46 km?, and it comprises
25.21% of the area of South Kalimantan Province. Kotabaru Regency mainly comprises
one large island and 140 small islands (McElroy, 2006). Halang Melingkau Island is
part of a marine nature park according to Kotabaru Regional Regulation No. 11 of 2012
concerning spatial planning for Kotabaru Regency in 2012-2032. This regulation is in
accordance with provisions for the marine nature park in South Kalimantan Province
Regional Regulation No. 9 of the Republic of Indonesia of 2015 concerning the regional
spatial planning of South Kalimantan Province in 2015-2035.

Coastal areas acquire the highest productivity and owe various benefits, one of
which is the many species of fish and coral that live in coastal waters. However, coastal
waters are the most vulnerable and are potentially under pressure from threats posed by
land and sea. In their study, Munasik and Siringoringo (2011), assessed that the coral
community in South Kalimantan is unstable and has encountered a drop because of the
effect of land run-off originating from the Barito River. To examine this phenomenon, the
present study aimed to determine the biodiversity of coral reefs based on the condition of
the coral cover on Halang Melingkau Island, Kotabaru Regency, South Kalimantan, in
Indonesia.

MATERIALS AND METHODS

This study was conducted in April 2019 on Halang Melingkau Island, Kotabaru,
South Kalimantan, Indonesia. The research was achieved on six stations with eighteen
observation points that were considered to represent the condition of coral reefs and reef
fish in the waters of the island. The stations and observation points were selected in such
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a way that the various regions of Halang Melingkau Island were proportionately covered.
Fig. 1 provides an overview of one of the observation points. Table 1 presents the

coordinates of the observation sites.
Table 1. Coordinates of the observation points

Stations Coordinates Depth (m) Observation Method
1.1 -3.657 116.613 1-2 Snorkling
1 1.2 -3.658 116.614 1-2 Snorkling
1.3 -3.658 116.613 6-8 Diving
2.1 -3.655 116.614 1-2 Snorkling
2 2.2 -3.654 116.614 1-3 Snorkling
2.3 -3.654 116.613 7-9 Diving
3.1 -3.654 116.616 1-2 Snorkling
3 3.2 -3.654 116.617 2-3 Snorkling
3.3 -3.653 116.617 7-8 Diving
4.1 -3.656 116.616 1-2 Snorkling
4 4.2 -3.655 116.617 1-3 Snorkling
4.3 -3.656 116.617 6-7 Diving
51 -3.658 116.616 1-2 Snorkling
5 5.2 -3.658 116.615 2-3 Snorkling
5.3 -3.659 116.615 6-8 Diving
6.1 -3.656 116.618 10-11 Diving
6 6.2 -3.657 116.617 8-10 Diving
6.3 -3.659 116.615 10-11 Diving

1. Data Collection Method

Coral reef data were collected using the line intercept transect method of English et
al. (1997). First, a 50 m transect line was laid parallel to and along the coastline, as close
to the substrate as possible. The observers waited at the starting point for about five
minutes after the transect line was laid to gain a general picture of the reef fish present at
the observation site so as to give the fish time to return to normal behavior after the
disturbance caused by the laying of the transect. Next, fish species were observed within
a distance of 2.5 m to the left and right of the transect line and were then recorded on a
slate. Based on the UVC method, special characteristics of the fish bodies (i.e., mouth
shape, body shape, fins, and color) were directly recorded by one observer through
drawing on a waterproof paper, while another observer documented the fish traits using a
camera (in the form of photos or videos).
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Fig. 1. Research Location Map of Halang Melingkau Island, Kotabaru, South Kalimantan - Indonesia.
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The transect was also recorded using an underwater camera that had been set to
video mode. Fish abundance was calculated over a monitoring distance of 2.5 m to the
left and right of the transect for fish with size less than 35 cm and a distance of 5 m to the
left and right for fish measuring >35 cm. Coral reef fish species that could not be directly
identified by the observers were briefly described on the slate and/or photographed.
Those fish were then identified using the identification key provided by Kuiter (1992).
Fish and coral data were collected sequentially. After the fish data were collected, there
was an interval of a few minutes before coral data collection got started (Levinton,
2013). Observations were revealed by recording the forms of coral growth (lifeforms) and
abiotic components that alluded to the transect. Additionally, the growth lifeforms were
measured using the measurement indicators on the line.

Coral reef fish data were obtained using the underwater visual census (UVC)
method (English et al., 1994). This method is used globally to survey shallow water
environments and is primarily used to make decisions about temperate reefs and coral
reefs in conservation and fisheries management (Pais & Cabral, 2018). The starting
point of transect installation was along the coastline using a 50 metre roll, in a site as
close as possible to the substrate. The forms of coral growth (lifeform) and the abiotic
component that alluded to transects were observed and recorded. Meanwhile, measuring
the range of closure of growth forms on the numbers read on the metre roll was
determined
2. Data Analysis
2.1 Percentage of Coral Reef Coverage

The percentage of coral reef coverage was calculated with the following formula
(English et al., 1997) : C= % % 1009%

Description:

C = percentage coverage of lifeform i (%)

A = transect length of lifeform i (in meters)

A = Total transect length (in meters)
According to Gomex and Yap (1988) and the Minister of Environment of the
Republic of Indonesia (2001), four criteria were used to evaluate the coral reef, as
shown in Table 2.

Table 2. Criteria of coral reef cover percentage based on Decree of the Minister of Environment
of the Republic of Indonesia No. 4 of 2001

% cover Category
75-100 Excellent
50-74.9 Good
25-49.9 Fair

0-24.9 Poor
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2.2 Community Structure of Coral Reef Fish
The following indexes were used to assess the community structure of coral reef fish.

e Shannon Wiener Diversity Indeks (H’)

H'= Z pi In Inpi

i=1
Description:
H’ = Shannon Wiener diversity index.
s = number of coral reef fish species.
pi = population of each coral reef fish species

Based on the Shannon Wiener diversity index, the coral reef fish diversity is
assessed according to the criteria of Brower and Zar (1977):
*H <2.30 - diversity is low and is indicative of very strong environmental
pressure.
*2.30 <H’ <3.30 :diversity is moderate and is indicative of moderate
environmental pressure.
* H>3.30 . diversity is high and is indicative of ecosystem balance

e Homogeneity index (E)

Description:
E = homogeneity index
Hmax = maximum species balance

This index is used to assess homogeneity based on the criteria of Brower and Zar

(1977):
+E<04 : homogeneity is small and is indicative of a depressed community
* 0.4 <E<0.6 :homogeneity is moderate and indicative of an unstable
community
*E>06 : homogeneity is high and is indicative of a stable community

e Dominance Index (C)

-

i=1

Description:
C = Dominance index
pi = Population of individual coral reef fish species

S = Number of coral reef fish species
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The dominance index value ranges from 0 to 1: if the value approaches 1, there is a
tendency for one species to dominate over the other.

3. Correlation between Coral Cover and the number of Coral Reef Fish

The correlation of the percentage of coral reef coverage with the abundance of coral
reef fish was assessed using the linear regression method with Microsoft Excel 2016.
Linear regression analysis is used to measure the strength of the correlation between two
or more variables and predict the estimated Y value (the number of coral reef fish) based
on the X value (coral reef coverage). As proposed by Kutner et al. (2004), the following
linear regression equation was used.

y=a+ bx
Description:
y = Dependent variable b = Regression coefficient
a = Constant X = Independent variable
RESULTS

1. Biodiversity Habitat

Hard coral cover at each station showed different values: the highest value was
measured at station 6 while the lowest, at station 2. The average hard coral coverage on
Halang Melingkau Island was 33.77 + 19.13%, which is considered a moderate coverage.
Detailed information about coral reef coverage at each station is shown in Table 2. The
coral reef conditions of each station are presented in Fig. 2.

Tabel 2. Percentage of hard coral coverage at each station

Station Hard coral Categories based on Decree of the Minister of
coverage (%) Environment of the Republic of Indonesia No. 4 of 2001
1 49.89 + 13.01 Fair
2 1.43+£0.86 Damage
3 23.53+5.41 Damage
4 37.37 +14.88 Fair
5 36.67 + 21.67 Fair
6 53.71 + 10.62 Good

As shown in Table 2, station 6 had the best coral cover, while stations 2 and 3 had
the poorest coral cover. This indicates that the environmental conditions at Station 6 were
favorable for coral growth. As seen in the images in Fig. 2, station 6 has good coral
cover, while the rubble of coral fragments can be seen in the images for station 2.
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Station 2

Station 4
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Station 6
Fig. 2. Coral reef conditions on six stations observed on Halang Melingkau Island, South Kalimantan, Indonesia

The results of hard coral coverage positively correlate with the number of fish
observed at station 6. The coral substrate can be categorized as live substrate (biotic) and
dead substrate (abiotic) based on its characteristics. The living substrate category
comprised hard coral (HC), dead coral with algae (DC), soft coral (SC), algae (AL),
sponge (SP), zoanthids (ZO), and other fauna (OT), while the non-living substrate
included sand (S), rubble (RB), and rock (RC). The biotic and abiotic coverage at each
station is presented in Fig. 3.

Fig. 3 shows that hard coral dominated the living substrate (biotic) at station 6. In
addition, sponges (8.33%), soft corals (0.13%), and other fauna (1.80%) also contributed
to the living substrate. The non-living (abiotic) substrate at station 6 was dominated by
coral fragments (10.60%) and sand (2.63%). Fig. 3 also shows that station 2 (94.53%)
and station 3 (52.43%) were largely comprised of the rubble of coral fragments. This is
indicative of damage to the coral reef in the corresponding areas.
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Fig. 3. Biotic and abiotic coverage on Halang Melingkau Island, South Kalimantan, Indonesia

At the observation site, coral growth in terms of Acropora species was found in two
forms: Acropora branching (ACB) and Acropora tabulate (ACT). Further, non-Acropora
corals were found in four lifeforms: coral branching (CB), coral encrusting (CE), coral
foliose (CF), and coral massive (CM) (Fig. 4). Fig. 4 also shows variations in the
composition of coral lifeforms in the six research stations. The coral coverage at stations
4, 5, and 6 was dominated by non-Acropora species of hard corals in the CM lifeform.
ACB and ACT corals from the Acropora group were found to be dominant at stations 1

and 6. Additionally, stations 1 and 6 had a higher variation in growth lifeform
composition than stations 2 and 3.
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Fig. 4. Composition of hard coral lifeforms on Halang Melingkau Island, South Kalimantan, Indonesia

2. Coral Reef Fish

The observations showed that the Pomacentridae family contributed the highest
number of species (biodiversity) (34 species), while Labridae and Chaetodontidae
contributed 10 species each. Furthermore, there were 1788 individuals from the
Pomacentridae family, and 356 and 233 individuals from Labridae and Chaetodontidae,
respectively. The composition of each coral reef fish family is depicted in Fig. 5.
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Fig. 5. Families of the coral reef fish species on Halang Melingkau Island, South Kalimantan, Indonesia

Fig. 6 shows that the number of reef fish (in the major, target, and indicator
categories) at station 6 was higher than that at the other stations. Station 6 had the highest
number of fish (729 individuals) of the major category. It was followed by station 1 (645
individuals), while station 2 had the lowest number (92 individuals) of fish in the major
category. With regard to the target fish category, the highest number of individuals was
found at station 6 (579 individuals). It was followed by station 3 (344 individuals), while
station 2 had the lowest number of fish (1 individual) in the target category. With regard
to indicator fish, station 6 had the highest number (100 individuals) followed by station 1
(62 individuals). Station 3 had the lowest number of indicator fish (6 individuals).

Fig. 6 also shows the variation in the number of coral reef fish species at each
station: the highest number of species was found at station 6 (major fish: 32 species,
target fish: 11 species, and indicator fish: 9 species). In contrast with station 6, station 2
had the lowest number of species (major fish: 8 species, target fish and indicator fish: 1
species, each), and station 3 had the lowest number of indicator fish species (n = 1). The
diversity index (H’), homogeneity index (E), and dominance index (C) of coral reef fish
at each station are shown in Fig. 7.
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Fig. 6. Total number of coral reef fish and the number of individual species at each station

Fig. 7 shows that the highest diversity index (3.53) was found at station 1: this
indicates ecosystem balance at this location without the dominance of one species of fish.
Stations 3 to 6 also showed fairly high diversity index values ranging from 2.83 to 3.30.
Similarly, the homogeneity index and dominance index also recorded varied values in the
range of 0.72-0.94 and 0.03-0.13, respectively.

3. Correlation of the number of Coral Reef Fish with Coral Reef Coverage Percentage
The coral reef cover percentage significantly impacted the number of coral reef fish
(P<0.05, R?=0.5796). The number of coral reef fish tended to increase as the percentage

of coral reef cover increased, as indicated by the linear regression equation “y=17.821x +
116.73” and r-value of 0.761 (Fig. 8).
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DISCUSSION

1. Biodiversity Habitat
The results of the present study indicate damage to coral reefs at all the observation
stations, with the damage being most severe at stations 2 and 3. The causes of such
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damage are usually coral bleaching, environmental pressure, and human activities (Toruan &
Soedharma, 2013). Coral bleaching occurs due to the loss of part of a population of the symbiont
algae Symbiodinium and the resulting white discoloration. Corals had lost 60-90% of their algal
symbionts, and any remaining symbiont algae can lose 50-80% of their photosynthetic pigments
(Glynn, 1996). Coral reefs that experience bleaching can recover naturally when environmental
stress is reduced. That is, when the environment is favorable for coral growth, symbiont algae are
re-recruited by the coral. The presence of algae on dead coral at stations 1, 3, 4, 5, and 6 indicates
that the coral reefs at these stations have started to recover. Additionally, the finding that hard
coral cover was the main component of the coral reef ecosystem shows that coral reefs in the
waters around Halang Melingkau Island are in good condition (except at station 2), as the
percentage of coral cover is an indicator of recovery (Berumen & Prachet, 2006).

Station 2 had the highest non-living substrate cover (in the form of rubble) of all the upper-
mentioned research stations. The coral fragments found were in Acropora foliose lifeforms.
Holmes et al. (2000) have explained that rubble could be attributable to predation of organisms,
disease, bioerosion, and unstable water conditions (extreme). Coral fragments are dynamic, shift
easily, or moved by waves and currents. Therefore, it is difficult to distinguish between coral
fragments arising from biological activities and fragments resulting from human activities (Fox et
al., 2003).

The presence of axial corallite distinguishes Acropora corals from non-Acropora corals:
Acropora corals have axial and radial corals, while non-Acropora corals do not have axial corals
(Suharsono, 2008). In the present study, hardcoral lifeforms are found in Acropora and non-
Acropora, which are reef builders, possessing different levels of sensitivity to different
environmental pressures, and environmental factors, such as temperature, brightness, depth, and
current strength, and the rate of sensitivity is contributed to the variation of influencing factors.
Fluctuations in environmental conditions affect the growth rate, growth lifeform, and
reproductive capacity of corals (Kleypas et al., 1999), and this influences the abundance,
composition, and diversity of coral communities (Baker et al., 2008). The composition of coral
growth lifeforms at station 6 tends to be dominated by massive coral growth forms. Massive
corals are known to be relatively more resistant to temperature stress than branching corals.
Additionally, massive corals are known to have the ability to recover with a low death rate if they
are bleached. Therefore, the dominance of massive coral lifeforms at station 6 indicates that hard
coral at station 6 is more resistant to environmental stress and is not prone to damage..Of the
various types of coral lifeforms, branched coral species are the most sensitive to changes in
environmental temperature and can immediately recognize changes in temperature above normal
or average conditions (Rani, 2001).

The differences observed in the coral cover across the six observation stations were thought
to be influenced by the physical and chemical features of the waters as they are known limiting
factors for the continuation and propagation of coral reefs (Sabdono et al., 2014; Sekerci &
Petrovskii, 2015; Faturohman et al., 2016; Harvey et al., 2018). If the physical-chemical
parameters of waters do not meet the required criteria, it would have a negative impact on the
survival of coral life either directly or indirectly (Baum et al., 2015; Hoey et al., 2016; Saptarini
et al., 2017; Khasanah et al., 2019). These results were in accordance with those reported by
Munasik and Siringoringo (2011), Iskandar and Tony (2013), Putri et al. (2015), Sahril
(2017), and Nugraha et al. (2020), who also found that the cover of coral reefs in waters was
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influenced by the environmental features of the waters. The coral reef coverage, in turn, also
influenced the surrounding environment, for example, the abundance of reef fish.

2. Coral Reef Fish Community Structure

Dartnall and Jones (1986), have classified reef fish into three main groups based on
management objectives: target group (also known as economic fish), which are the main target of
fishermen’s catch; indicator group, which are considered as indicators of the coral condition; and
the major group, which comprises fish between 5 and 25 cm in size that play an unknown role
apart from their place in the food chain.

Pomacentridae is the dominant family in various places in the Indo-Pacific reef (Coker et
al., 2013), and is also widely distributed in this region (Satapoomin, 2000). Pomacentridae and
Labridae families are part of the major fish groups that are always dominant in the Halang
Melingkau Island waters. The Pomacentridae and Labridae families have also been reported to
dominate the marine fish fauna of Redang Islands in Malaysia (Du et al., 2019). Species of the
Pomacentridae and Labridae families live on coral reefs throughout their life (English et al.,
1997).

The Chaetodontidae family represents true coral reef fish. Its distribution is limited to coral
reef ecosystems due to its dependence on coral reefs as food source (Nugraha et al., 2020).
However, not all Chaetodontidae fish consume coral polyps as their primary food. Nonetheless,
the existence and abundance of the Chaetodontidae family in waters can provide an overview on
the condition of local coral reefs. Manthacitra et al. (1991) reported the presence of the
Chaetodontidae family in the Gulf of Thailand. Similar findings were reported by Lim and Chou
(1991) on Ghost Island and Raffles Light in Singapore while Adrim (2011) found that
Chaetodontidae family was dominant on Bawean Island, Indonesia.

Station 6 showed the highest results in terms of total number or number of each category of
fish. This may indicate that it was a more supportive environment than other stations. One of the
main indicators may be coral reef coverage (Duffy et al., 2016; Basu & Mackey, 2018).
Accordingly, Station 6 had a better coral reef cover than the other stations. This is consistent with
Karnan (2000) observation that while reef fish are typically territorial in a coral ecosystem,
habitat and environmental factors affect their presence in waters. That is, reef fish cannot
withstand changes in the ecosystem, and such changes would lead to their migration to a more
desirable spot. Thus, the presence of coral fish in an ecosystem is indicative of suitable ecological
conditions.

Coral reef fish communities can be assessed through a number of indices, including the
diversity index (H’), homogeneity index (E), and dominance index (C) of coral reef fish (Prato et
al., 2017). A moderate diversity index indicates moderate environmental conditions (such as
temperature, brightness, depth, and current strength) at a location. In this study, the lowest
diversity index was found at station 2; thus, environmental pressure on the marine biota was very
strong at this location (Kultz, 2015). Coral reef fish diversity is influenced by several factors such
as the physical-chemical conditions of the waters and the condition of the coral reef ecosystem
that is the coral reef fish habitat. The level of diversity is categorized as high if the number of
species and the number of individuals of each species are relatively evenly distributed (Lehtonen
et al., 2016).
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The homogeneity index was high at all stations observed. Meaningly, the community was
stable at all six locations, as homogeneity index values above 0.6 indicate stability (Messmer et
al., 2011). A low community homogeneity index value indicates the presence of species that
dominate an ecosystem. Thus, a high homogeneity value indicates a stable community
comprising similar or not very different types of species (Pratchett et al., 2011).

The dominance index at all stations was low, as indicated by values below 0.5 (Madduppa
et al., 2012). The low dominance value is in agreement with the high homogeneity value
observed. Additionally, the high dominance index values across station 2, station 4, and station 6
corresponded to low diversity index values at these stations. This result supports Du et al. (2019)
stating that if the dominance value approaches 0, then the level of diversity in an ecosystem is
higher, whereas if the dominance value approaches 1, then the diversity is lower.

3. Correlation of The Number of Coral Reef Fish with Coral Reef Coverage

Correlation analysis showed very strong correlation between the variable coral cover and
coral fish abundance, as indicated by a correlation co-efficient value (r) of 0.761. Thus, the
findings indicate that an increase in coral cover could lead to an increase in the abundance of reef
fish, whereas a decrease in coral cover could lead to a decrease in the abundance of reef fish. This
result coincides with the finding of Komyakoova et al. (2018). In this context, station 6 had the
highest coral cover and the highest abundance of reef fish, while station 2 had very low coral
cover and the least abundance of fish.

The coral reef ecosystem is a crucial habitat for coral reef fish, which are dependent on the
special structure and conditions of the coral reef biota (Fenner, 2012). Furthermore, coral reef
fish abundance and distribution are affected by the conditions and quality of the coral reef
(Songploy et al., 2017).

CONCLUSION

The findings of this research indicate that the coral reef ecosystem in Halang Melingkau
Island, South Kalimantan, Indonesia, can be categorized as fair to good, with station 6 having the
best coral coverage. These conditions are directly proportional to the abundance of reef fish
communities at station 6, which also had the highest number of fish and the highest number of
species. Thus, this finding confirms the strong positive correlation between coral cover and coral
fish abundance: that is, a higher coral coverage in a location would lead to an increase in coral
fish abundance in that area.
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